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ing/reproduction apparatus using the 
recording/reproduction conditions. When the optical 
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for the recording/reproduction apparatus are used. 
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with use of optimum recording/reproduction apparatus 
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recording/reproduction apparatus. When the optical 
recording medium is used for the first time, test record- 
ing is performed by using a test recording region pro- 
vided in the optical recording medium, and the obtained 
recording/reproduction conditions are recorded. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an optical 
recording medium, a recording/reproduction method 
and a recordingAeproduction apparatus for recording 
and reproducing information by using radiation of a 
laser beam or the like. 

BACKGROUND ART 

[0002] An optical recording medium has attracted 
attention as a memory having large capacity and high 
density. A rewritable optical recording medium called as 
erasable type have been developed. One of the erasa- 
ble optical recording media has a recording layer made 
of a mm Mm which changes the phase between amor- 
phous and crystalline states, and information is 
recorded and erased by thermal energy due to the laser 
beam radiation An alloy film composed of Ge, Sb, Te, In 
etc. as main components, for example, GeSbTe film, is 
known as the phase-change material for the recording 
layer In many cases, information is recorded by forming 
marks by partially changing the recording layer to amor- 
phous state while information is erased by crystalliza- 
tion of the amorphous marks. The amorphous state is 
achieved by radiating a strong laser beam in pulses to 
heat the recording layer to a temperature not lower than 
the melting point thereof, and then cooling it at a prede- 
termined or faster rate. The crystallization, on the other 
hand, is achieved by radiating a comparatively weak 
laser beam to heat the recording layer to a temperature 
between the crystallization temperature and the melting 
point. 

[0003] Information is recorded in a medium by 
PWM recording, in which information is represented by 
mark lengths and space lengths (i.e. edge positions of 
the front and rear ends of the mark) by forming marks of 
different lengths with various space sections. 
[0004] However, in PWM recording, if a strong laser 
pulse simply equivalent to the mark length is radiated for 
forming a long mark, the heat generated in the front por- 
tion of the mark enhances the temperature increase at 
the rear portion. Thus, the mark is distorted to have the 
narrow front portion and the wide rear portion thereof, to 
deteriorate signal quality. Therefore, as shown in Fig. 4, 
it is more advantageous to form a mark by using a plu- 
rality of laser pulses including the first pulse corre- 
sponding to the front end of the mark, intermediate 
pulses corresponding to the intermediate portion 
thereof and the last pulse corresponding to the rear end 
thereof. 

[0005] Even in this method, however, when an inter- 
val between marks is decreased as a result of an 
increased recording density, the heat generated at the 
forming of a mark affects the formation of adjacent 
marks. This leads to a problem that variation of the edge 



positions of the marks deteriorates the signal quality. 
The variation of the edge position due to the thermal 
interference between marks depends on the length of 
the mark to be recorded and the length of the space 

s sections before and after the mark. In order to solve this 
problem, Japanese Patent laid open Publication 7- 
129,959/1995 proposes a signal pattern adaptive 
recording compensation scheme in which the genera- 
tion timings "a" and "b" of the first and last pulses in Fig. 

70 4 are changed according to the length of the mark and 
the length of the space sections before and after the 
mark. 

[0006] The optimum pulsfe conditions, however, 
depend to a larger measure on the characteristics of the 

15 medium and the recording/reproduction apparatus. 
Similarly, optimum servo conditions, such as focal and 
tracking positions and a gain for determining various 
servo operations on recording and reproduction, and 
optimum reproduction signal processing conditions, 

20 such as equalizing characteristics and a binarization 
slice level, are also dependent much on the characteris- 
tics of the medium and the recording/reproduction 
apparatus. 

[0007] Therefore, each time a recording/reproduc- 
es tion apparatus is activated for recording with an optical 
recording medium mounted therein, test recording is 
carried out while changing recording/reproduction con- 
ditions such as the pulse conditions, the servo condi- 
tions and/or the reproduction signal processing 
30 conditions. Then, the quality of the reproduced signals 
with the measurement is compared to determine the 
optimum recording/reproduction conditions, and the 
recording of information is performed based on the opti- 
mum recording/reproduction conditions. Then, it is a 
35 problem that the action called as learning for determin- 
ing the optimum recording/reproduction conditions is 
always required on activation to make a waiting time 
longer. 

40 DISCLOSURE OF THE INVENTION 

[0008] A main object of the present invention is to 
provide an optical recording medium, a recording/repro- 
duction method and a recording/reproduction apparatus 

45 therefor which solves these problems. 

[0009] The above object is solved by the combina- 
tions of the characteristics described in the main claims, 
and the subclaims define further advantageous embod- 
iments of the invention. 

so [0010] In one aspect of the invention, an optical 
recording medium for recording the information by form- 
ing a mark with laser pulses radiated thereon, com- 
prises a information recording area provided for 
recording the information, and a recording/reproduction 

55 conditions recording area, to which recording by a 
recording/reproduction apparatus is possible, provided 
for recording recording/reproduction conditions repre- 
senting setting values for the recording/reproduction 
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apparatus for recording or reproducing information. 
Preferably, the recording/reproduction conditions 
recording area has a capacity enough to record a plural- 
ity of sets of the recording/reproduction conditions. Pref- 
erably, the recording/reproduction conditions recording 5 
area is further used for recording apparatus information 
for identifying the recording/reproduction apparatus 
which uses the recording/reproduction conditions. Pref- 
erably, the optical recording medium further comprises 
a test recording area provided for test recording of a w 
specified signal to measure a quality of reproduced sig- 
nal. The recording/reproduction conditions recording 
area and the test recording area is preferably inter- 
posed between the lead-in area and a region for record- 
ing the information. 75 
[0011] In a second aspect of the invention of 
recording/reproduction method for recording/reproduc- 
ing information by using marks formed with radiation of 
laser pulses on an optical recording medium, wherein 
lengths of the marks and those of space sections before 20 
and after the marks represent the information, record- 
ing/reproduction conditions are read from a record- 
ing/reproduction conditions recording area in the 
medium, to which recording by a recording/reproduction 
apparatus is possible. Then, information is recorded or 25 
reproduced based on the recording/reproduction condi- 
tions, wherein a plurality of pulses are radiated from a 
front end to a rear end of a mark when the mark is 
formed. 

[001 2] In a third aspect of the invention of a record- 30 
ing/reproduction method for recording/reproducing 
information, recording/reproduction apparatus informa- 
tion for identifying a recording/reproduction apparatus 
which uses the recording/reproduction conditions are 
read from a recording/reproduction conditions recording 35 
area in the optical recording medium, besides the 
recording/reproduction conditions. Then, information is 
recorded or reproduced based on the recording/repro- 
duction conditions accompanying the recording/repro- 
duction apparatus information coinciding with the 40 
recording/reproduction apparatus to be used, wherein a 
plurality of pulses are radiated from a front end to a rear 
end of a mark when the mark is formed. 
[0013] Preferably, in the above-mentioned two 
recording/reproduction methods, test recording is per- 45 
formed to determine optimum recording/reproduction 
conditions for a recording/reproduction apparatus by 
changing recording/reproduction conditions, and the 
obtained result is recorded in the recording region in the 
optical recording medium. Thereafter, recording or so 
reproduction is performed based on the record- 
ing/reproduction conditions read from the recording 
region. 

[0014] In a fourth aspect of the invention, an optical 
recording/reproduction apparatus records and repro- 55 
duces information with marks formed with radiation of 
laser pulses on an optical recording medium, wherein 
lengths of the marks and those of space sections before 



and after the marks represent the information. In the 
apparatus, a spindle motor rotates the optical recording 
medium. An optical head radiates a laser pulse with a 
laser diode onto the optical recording medium, a servo 
circuit drives the optical head, and a laser driver drives 
the laser diode according to pulse signals for recording 
information. A pulse controller generates pulses for driv- 
ing the laser driver, wherein a plurality of pulses are 
generated to radiate from a front end to a rear end of the 
mark to record the information. An equalizer corrects 
frequency characteristic of reproduction signal, and a 
binarizing circuit converts the corrected reproduction 
signal to a binarized signal. Further, the apparatus com- 
prises a storage device for storing recording/reproduc- 
tion conditions read from a recording area provided for 
storing recording/reproduction conditions in the optical 
recording medium, and at least one of first setting 
means for setting pulse conditions for the pulse control- 
ler in accordance with the recording/reproduction condi- 
tions, second setting means for setting servo conditions 
for the servo circuit, third setting means for setting 
equalizing conditions of reproduction signal to the 
equalizer and fourth setting means for setting a binari- 
zation slice level to the binarizing circuit. 
[0015] This disclosure of the invention does not 
necessarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 

[001 6] An advantage of the present invention is that 
shorten a time required for the learning and realize a 
short activation time. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] These and other objects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, and in which: 

Fig. 1 is a diagram of an optical recording medium 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a diagram of an optical recording medium 
according to another embodiment of the present 
invention; 

Fig. 3 is a diagram of a recording/reproduction 

apparatus for an optical recording medium; 

Fig. 4 is a diagram for explaining a shape of a mark 

and pulse conditions for forming the mark; 

Fig. 5 is a flowchart of a first recording/reproduction 

method for an optical recording medium according 

to the invention; 

Fig. 6 is a flowchart of recording; 
Fig. 7 is a flowchart of learning; 
Fig. 8 is a flowchart of a second recording/repro- 
duction method for an optical recording medium 
according to the invention; 
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Fig. 9 is a flowchart of a third recording/repioduc- 
tion method for an optical recording medium 
according to the invention; 
Fig. 10 is a flowchart of a fourth recording/repro- 
duction method for an optical recording medium 
according to the invention; 
Fig. 1 1 is a flowchart of a fifth recording/reproduc- 
tion method for an optical recording medium 
according to the invention; and 
Fig. 12 is a flowchart of a sixth recording/reproduc- 
tion method for an optical recording medium 
according to the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] Referring now to the drawings, wherein like 
reference characters designate like or corresponding 
parts throughout the several views, embodiments of an 
optical recording medium, and a recording/reproduction 
method and a recording/reproduction apparatus there- 
for according to the invention will be explained below. 
[0019] . Fig. 1 shows an optical recording medium 
according to a first embodiment of the invention. The 
optical recording medium 1 has a central hole 2 for set- 
ting it to a recording/reproduction apparatus. The sub- 
strate is formed with a guide groove (Fig. 4) for tracking 
a laser beam on recording or reproduction. The optical 
recording medium 1 has a transparent substrate made 
of polycarbonate of 0.6 mm thickness and a recording 
layer formed thereon. The recording layer is made of a 
GeSbTe alloy as a phase-change recording material. By 
radiation of a laser beam thereon, the recording layer is 
partially converted into amorphous state thereby to form 
a recording mark Marks of different lengths with various 
space sections are formed according to the PWM 
recording scheme in which information is represented 
by lengths of a mark and adjacent space sections. 
[0020] The recording medium 1 has a lead-in area 3 
recording medium identification information for a 
medium or the like with embossed pits (not shown) for 
the address information and the like exclusive for repro- 
duction. The recording medium 1 further comprises 
three recording areas 4-6 to which recording is possible 
by the recording/reproduction apparatus. The record- 
ing/reproduction conditions recording area 4 is provided 
for recording recording/reproduction conditions such as 
pulse conditions, servo conditions, reproduction signal 
processing conditions and the like. The test recording 
area 5 is provided for test recording of specified data in 
order to measure the signal quality thereof. The infor- 
mation recording area 6 is used for recording informa- 
tion. The recording area 4 for recording/reproduction 
conditions and the test recording area 5 are preferably 
arranged between the lead-in area 3 and the informa- 
tion recording area 6. When information is recorded in 
the recording medium according to the invention, the 
lead-in area 3 is first accessed. Then, recording/repro- 
duction conditions recorded in the recording area 4 are 



read out and based on the recording/reproduction con- 
ditions, conditions such as pulse conditions, servo con- 
ditions and reproduction signal processing conditions 
are set. If necessary, the test recording area 5 is used 

5 for test recording. That is, specified data are recorded 
as a test therein, and the quality of the signals repro- 
duced on the recorded data for test is checked. Informa- 
tion is recorded in the information recording area 6. 
Because the areas 3-6 are arranged in the manner 

10 described above, the distance covered by the optical 
head on recording is minimized for a shorter access 
time. Either the recording/reproduction conditions 
recording area 4 or the test recording area 5 may be 
arranged on an inner peripheral side. 

75 [0021] When a recording medium having the con- 
figuration described above is used for the first time, the 
test recording is conducted while changing the record- 
ing/reproduction conditions in a recording/reproduction 
apparatus, and the measured quality of the signal repro- 

20 duced therefrom is compared to determine optimum 
recording/reproduction conditions. The determined con- 
ditions are recorded in the recording area 4. When the 
recording medium 1 is used thereafter, the record- 
ing/reproduction conditions recorded in the recording 

25 area 4 can be read. Then, the learning for determining 
the optimum recording/reproduction conditions when 
the medium is accessed can be omitted or shortened. In 
this way. when the medium is mounted and the record- 
ing/reproduction apparatus is activated, the waiting time 

30 can be shortened. 

[0022] Alternatively, in the learning, a simple 
method can be employed. The test recording is con- 
ducted while changing the recording/reproduction con- 
ditions. A result of a measurement of the quality of the 

35 signal reproduced is compared with a predetermined 
condition, and as soon as the result satisfies the prede- 
termined condition, the recording/reproduction condi- 
tions obtained at the measurement are adopted as the 
optimum recording/reproduction conditions. 

40 [0023] It is preferable that the recording area 4 pro- 
vided for recording/reproduction conditions is com- 
posed of a plurality of sub-areas for recording the same 
information. Fig. 2 shows a optical recording medium 
according to a second embodiment, which is similar to 

45 that of the first embodiment except the recording area 4. 
The recording area 4 is composed of two sub-areas 
including a first recording sub-area 4a and a second 
one 4b. The first and second sub-areas 4a and 4b are 
provided for recording the same recording/reproduction 

so conditions. In an example, when the recording/repro- 
duction conditions are read, the sub-area 4a is 
accessed first and if the recording/reproduction condi- 
tions cannot be read out. the second sub-area 4b is 
accessed. As a result even when the information 

55 recorded in the first sub-area 1 a or the second one 1 b is 
difficult to be reproduced due to contamination of the 
medium or the like, it can be obtained from the other 
sub-area. Thus the reliability of the recording/reproduc- 
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tion conditions recorded in the medium is improved. 
[0024] Preferably, the recording area 4 is used as 
an area for recording, together with the recording/repro- 
duction conditions, recording/reproduction apparatus 
information for identifying a recording/reproduction 
apparatus which uses the recording/reproduction condi- 
tions. In this example, the recording area 4 is assigned 
to have a sufficient capacity for recording a plurality of 
set of recording/reproduction conditions each accompa- 
nying recording/reproduction apparatus information. 
This configuration makes it possible to record a plurality 
of sets of recording/reproduction conditions in an optical 
recording medium and on recording, the record- 
ing/reproduction conditions suitable for the record- 
ing/reproduction apparatus used for recording are 
selected among the plurality of sets of the record- 
ing/reproduction conditions. As a result, when a single 
medium is used for a plurality of recording/reproduction 
apparatuses, the difference in the recording/reproduc- 
tion characteristics among the apparatuses can be 
compensated. 

[0025] Preferably, the recording/reproduction appa- 
ratus information has a hierarchy of a plurality of levels, 
and has manufacturer information identifying a manu- 
facturer of a recording/reproduction apparatus, model 
information identifying the model of the recording/repro- 
duction apparatus, serial number for identifying the 
recording/reproduction apparatus, etc. With this config- 
uration, even if the recording/reproduction conditions 
determined by the recording/reproduction apparatus to 
be used for recording or reproduction are not recorded 
in a medium, recording/reproduction conditions can be 
adopted which are determined by a recording/reproduc- 
tion apparatus having recording/reproduction character- 
istics similar to those of the recording/reproduction 
apparatus, such as a recording/reproduction apparatus 
of the same manufacturer or the same model. Thus, the 
learning for determining optimum recording/reproduc- 
tion conditions can be omitted or shortened, and the 
waiting time for mounting the medium and for activating 
the recording/reproduction apparatus can be short- 
ened. 

[0026] Further, the recording/reproduction condi- 
tions recording area 4 may be used as an area for 
recording time information indicating the date and time 
of recording of the recording/reproduction conditions in 
the medium, besides the recording/reproduction condi- 
tions and the recording/reproduction apparatus informa- 
tion. In this case, a time elapsed from the determination 
of the recording/reproduction conditions can be calcu- 
lated for recording by use of the time information. If the 
time elapsed from the determination of the record- 
ing/reproduction conditions is not shorter than a prede- 
termined length, therefore, a change in the 
recording/reproduction characteristics of the record- 
ing/reproduction apparatus with time can be compen- 
sated by determining the optimum 
recording/reproduction conditions again. 



[0027] In the embodiment described above, a GeS- 
bTe alloy as a phase change material is used for the 
recording layer. As an alternative, another material such 
as a magneto-optic recording material or an organic 

5 pigment may be used. Further, the recording layer may 
be of write-once type which can be recorded only once, 
instead of a rewritable, erasable type. The record- 
ing/reproduction conditions in the recording area 4 can 
be updated or added by rewriting them over the old 

to information for the erasable type, and by recording them 
after the old information for the write-once type. Thus, 
for the write-once type, a comparatively large capacity is 
required to be provided for the recording area 4 for 
recording/reproduction conditions. 

15 [0028] Further, the optimum recording/reproduction 
conditions may be recorded in the recording area 4 
beforehand at the time of shipment In such a case, dif- 
ference in the recording characteristics between the 
individual media can be compensated at the time of 

20 shipment. Then, when the medium is mounted or the 
recording/reproduction apparatus is activated, the 
learning for determining the optimum recording/repro- 
duction conditions can be omitted or shortened, thereby 
the waiting time can be shortened. 

25 [0029] Next, an apparatus and a method for record- 
ing/reproduction using the optical recording medium 
described above are explained. Fig. 3 is a block diagram 
of a recording/reproduction apparatus in which an opti- 
cal recording medium 1 shown in Fig. 1 or 2 is mounted. 

30 In the recording/reproduction apparatus, a spindle 
motor 24 rotates the optical recording medium 1 
mounted. A controller 7 controls the entire record- 
ing/reproduction apparatus. A storage unit 16 has a 
memory device which stores recording/reproduction 

35 conditions including pulse conditions, servo conditions 
and reproduction signal processing conditions, record- 
ing/reproduction apparatus information for identifying 
the recording/reproduction apparatus which uses the 
recording/reproduction conditions, and time information 

40 indicating the date and time when the recording/repro- 
duction conditions are determined. A modulator 19 con- 
verts the data recorded into a recording signal. A pulse 
condition setter 8 sets the pulse conditions when the 
information is recorded. A pulse controller 9 controls 

45 laser pulses in accordance with the pulse conditions. A 
laser drive circuit 10 drives a laser diode in accordance 
with signals from the pulse controller 9, and an optical 
head 1 1 including the laser diode focuses a laser beam 
in the medium for recording information or producing 

so the reproduction signal from the reflected light. A 
preamplifier 12 amplifies the reproduction signal. A 
servo condition setter 21 sets servo conditions to a 
servo circuit 20. which controls the focusing and track- 
ing of the optical head 1 1 in accordance with the servo 

55 conditions based on the signal output from the pream- 
plifier 12. An equalizer 1 3 corrects frequency character- 
istics of the reproduction signal. An equalizing 
conditions setter 22 sets equalizing conditions to the 
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equalizer 13, and a binarizer circuit 14 converting the 
signal corrected by the equalizer 13 to a binary signal. A 
binarization condition setter 23 sets a binarization slice 
level to the binarizer circuit 14. A recording/reproduction 
conditions demodulator 15 demodulates, from the sig- 
nal produced by the binarizer circuit 14, the data includ- 
ing the recording/reproduction conditions recorded in 
the recording/reproduction conditions recording area of 
the medium 1, the recording/reproduction apparatus 
information for identifying the recording/reproduction 
apparatus which uses the recording/reproduction condi- 
tions and the time information indicating the date and 
time of determination of the recording/reproduction con- 
ditions. A data demodulator 1 8 demodulates other data, 
and a signal quality determinator 17 determines the 
quality of the signal recorded or reproduced as a test 
from specified data in the test recording area in the 
medium. 

[0030] The information is recorded by the PWM 
recording scheme. As shown in Fig. 4, a plurality of 
laser pulses into which a laser beam is segmented 
include a first pulse corresponding to the front end of a 
mark, intermediate pulses corresponding to an interme- 
diate portion of the mark and the last pulse correspond- 
ing to the rear end of the mark In Fig. 4. "a". "c" and "e" 
designate generation timing, length and intensity of the 
first pulse, respectively, and "b w , "d" and T designate 
generation timing, length and intensity of the last pulse, 
respectively. Further, "g" designates intensity of the 
laser beam between pulses, and "h" designates inten- 
sity of the laser beam in the space portion. In the follow- 
ing, the conditions for forming a laser pulse including 
items "a" to "h" are referred to as pulse conditions. 
When a mark is formed, the laser pulses are radiated 
while changing the generation timings "a" and "b" of the 
first and last pulses, respectively, according to the mark 
length and space lengths before and after the mark in 
correspondence to the mark to be recorded. By using 
the recording/reproduction apparatus according to this 
embodiment, a mark can be formed to have edges of 
the front and rear ends thereof at predetermined posi- 
tions. In addition, information can be reproduced well 
from the recording mark. 

[0031] Next, a recording/reproduction method for 
the above-mentioned recording medium shown in Fig. 1 
or 2 is explained. This recording/reproduction method 
and others to be explained later are performed by the 
controller 7. Fig. 5 is a flowchart of the recording/repro- 
duction method. First, at step 401, the recording/repro- 
duction apparatus is activated for the recording medium 
1 . The recording medium 1 is mounted and rotated on 
the spindle motor 24. Then a laser beam for reproduc- 
ing information is radiated by the optical head 11 onto 
the medium 1. By accessing the lead-in area 3 in the 
medium 1 , identification information or the like of the 
medium recorded in the lead-in area 3 is read out. In 
order to read the identification information or the like, 
reproduction signal obtained by the optical head 1 1 as a 



light beam reflected from the medium 1 is amplified by 
the preamplifier 12, and the frequency characteristics 
are corrected by the equalizer 13 according to predeter- 
mined equalizing conditions set by the equalizing condi- 

5 tions setter 22. Then, the signal is binarized by the 
binarization circuit 14 with a predetermined binarization 
slice level set by the binarization condition setter 23. 
The signal thus binarized is demodulated by the data 
demodulator 18 and sent to the controller 7. The servo 

w circuit 20 has been set to predetermined servo condi- 
tions by the servo condition setter 21 , and it controls the 
focusing and tracking of the optical head based on the 
signal output from the preamplifier 12 in accordance 
with the servo conditions. 

75 [0032] Then, at step 402, the recording/reproduc- 
tion conditions are read. At this step, the record- 
ing/reproduction conditions recording are.* 4 in the 
medium 1 is accessed, and the servo conditions of the 
servo circuit 20 are set by the servo conditions setter 21 

20 in accordance with predetermined conditions or condi- 
tions designated by the identification information of the 
medium. The focusing and tracking are controlled for 
the optical head 1 1 by the servo circuit 20. The repro- 
duction signal obtained by the optical head 1 1 from the 

25 laser beam reflected from the medium 1 is amplified by 
the preamplifier 12. and the frequency characteristic is 
corrected by the equalizer 13 set by the equalizing con- 
ditions setter 22 to predetermined conditions or the 
equalizing conditions designated by the identification 

30 information of the medium. Then, the reproduction sig- 
nal is binarized by the binarization circuit 14 which has 
been set to a binarization slice level predetermined by 
the binarization conditions setter 23 or a binarization 
slice level designated by the identification information of 

35 the medium. The signal thus binarized is demodulated 
by the recording/reproduction conditions demodulator 
1 5 to be supplied to the controller 7. 
[0033] Then, at step 403, it is decided whether or 
not the recording/reproduction conditions described 

40 above are recorded in the recording/reproduction condi- 
tions recording area 4 in the recording medium. If the 
conditions are decided to be recorded (YES at step 
403), the recording/reproduction conditions are stored 
in the storage unit 1 6 at step 404, and the information is 

45 recorded at step 405 in the information recording area 6 
in the medium based on the recording/reproduction 
conditions. 

[0034] At step 405, the information is recorded in 
the following manner (refer to Fig. 6). In accordance 

so with a content stored in the storage unit 16, the pulse 
conditions setter 8 sets pulse conditions to the pulse 
controller 9 (step 4051). the servo conditions setter 21 
sets servo conditions to the servo circuit 20 (step 4052), 
the equalizing conditions setter 22 sets equalizing con- 

55 ditions to the equalizer 1 3 (step 4053). and the binariza- 
tion condition setter 23 set a binarization slice level to 
the binarization circuit 14 (step 4054). The pulse condi- 
tions include, as described above with reference to Fig. 
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4, generation timings "a", M b", lengths "c", w cT\ and inten- 
sities "e", T of the first and last pulses, respectively, 
intensity "g" of the laser between the pulses, and laser 
intensity "h" in the space portions, which are respec- 
tively determined in accordance with the length of the 
mark to be recorded and the lengths of the space sec- 
tions before and after the mark. The data supplied to the 
controller 7 are convened to a recording signal by the 
modulator 19, and the recording signal is converted by 
the pulse controller 9 to a laser drive signal satisfying 
the pulse conditions set by the pulse conditions setter 8 
(step 4055). The laser drive circuit 10 drives the laser 
diode provided in the optical head 1 1 in accordance with 
the laser drive signal. The optical head 1 1 for which the 
focusing and the tracking are controlled by the servo cir- 
cuit 20 focuses the light radiated from the laser diode in 
the optical head and forms marks on the recording layer 
in the medium 1 to record the information. 
[0035] At step 406, learning is performed for deter- 
mining the recording/reproduction conditions when it is 
decided that the recording/reproduction conditions are 
not recorded in the recording area 4 on the recording 
medium (NO at step 403). The learning is performed in 
the following manner (refer to Fig. 7). First, according to 
predetermined specified conditions or conditions desig- 
nated by the identification information in the medium 
described above, the pulse conditions setter 8 sets the 
pulse conditions to the pulse controller 9 (step 4061). 
the servo conditions setter 21 sets the servo conditions 
to the servo circuit 20 (step 4062), the equalizing condi- 
tions setter 22 sets the equalizing conditions to the 
equalizer 13 (step 4063), and the binarization condi- 
tions setter 23 sets the binarization slice level to the 
binarization circuit 14 (step 4064). Then, the specified 
data outputted from the controller 7 are converted to a 
recording signal by the modulator 19, and recorded as a 
test in the test recording area 5 in the medium 1 through 
the same procedure as at step 405 described above 
(step 4065). The reproduction signal of the data 
recorded as the test in the medium 1 in this way is 
amplified by the preamplifier 12, and after correcting the 
frequency characteristics by the equalizer 13. A jitter 
value (fluctuation of the position of the reproduced sig- 
nal with respect to a reference clock) of the signal bina- 
rized by the binarization circuit 14 is measured by the 
signal quality determinator 1 7, and it is compared with a 
predetermined criterion, to determine the signal quality 
(step 4066). If the jitter value satisfies the criterion, the 
learning is completed. On the other hand, if the jitter 
value fails to satisfy the criterion, the pulse conditions, 
the servo conditions, the equalizing conditions and the 
binarization slice level are successively changed, and 
the specified data are recorded as a test and the signal 
quality of the data recorded is determined. This is 
repeated until the jitter value satisfies the criterion. Thus 
the optimum recording/reproduction conditions are 
determined. 

[0036] Then, at step 407, the recording/reproduc- 



tion conditions obtained by the learning at step 406 are 
stored in the storage unit 16. Then, at step 408, the 
recording/reproduction conditions are recorded in the 
recording/reproduction recording area 4 in the medium 
5 1, and at step 405, information is recorded in the 
medium. 

[0037] By using the procedure described above, 
when a recording medium is used for the first time, opti- 
mum pulse forming conditions obtained by the record- 

io ing/reproduction apparatus are recorded in the 
recording/reproduction conditions recording area 4 in 
the recording medium 1 . In this way, when the recording 
medium 1 is used again, the recording/reproduction 
conditions recorded in the recording medium 1 are read 

is and stored in the storage unit 16 in order to use them. 
As a result, the learning for determining the optimum 
recording/reproduction conditions is not necessarily 
performed each time the medium us used, but the learn- 
ing can be omitted or shortened. Thus, the waiting time 

20 can be shortened for mounting the medium and for acti- 
vating the recording/reproduction apparatus. 
[0038] Fig. 8 is a flowchart of another record- 
ing/reproduction method performed by the controller 1. 
The method is carried out in the same procedure as the 

25 recording/reproduction method shown in Fig. 5 except 
some exceptions. Thus, only some points in Fig. 8 dif- 
ferent from the recording/reproduction method 
described with reference to Fig. 5 will be explained 
below. If it is decided at step 503 that the record- 

30 ing/reproduction conditions are recorded in the record- 
ing area 4 in the recording medium 1 (YES at step 503), 
the recording/reproduction conditions are stored at step 
504. At step 505, specified data are recorded as a test 
in the test recording area 5 in the medium 1. The test 

35 recording is conducted in the same procedure as the 
counterpart, step 405 in Fig. 5, except for the data to be 
recorded and the recording area in the medium. 
[0039] Then, at step 506, the reproduction signal of 
the test data recorded in the test recording area 5 in the 

40 medium 1 at step 505 is amplified by the preamplifier 
12, and the frequency characteristic is corrected by the 
equalizer 1 3. Then, the jitter value of the signal bina- 
rized by the binarization circuit 14 (fluctuation of the 
position of the signal reproduced with respect to a refer- 

45 ence clock) is measured by the signal quality determi- 
nator 17. The measurement data is compared with a 
predetermined criterion to determine the signal quality. 
If the jitter value satisfies the criterion (YES at step 506), 
at step 507, the information is recorded in the informa- 

so tion recording area 6 in the medium 1 in the same pro- 
cedure as step 405. On the other hand, if the jitter value 
fails to satisfy the criterion (NO at step 506), the learn- 
ing is performed at step 508 in the same procedure as 
step 406 in Fig. 5. Steps 501 , 502. 509. 510 correspond 

55 to steps 401. 402, 407, 408 in Fig. 5. respectively, and 
they are not explained here. 

[0040] The procedure described above can com- 
pensate the change in the recording/reproduction char- 
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acteristics of the recording/reproduction apparatus and 
of the recording medium with the lapse of time from a 
time point when the recording/reproduction conditions 
are recorded in the medium to be used for recording. 
Further, when the information is recorded in a record- 
ing/reproduction apparatus different from the record- 
ing/reproduction apparatus, of which the 
recording/reproduction conditions are recorded in the 
medium, a difference in the recording/reproduction 
characteristic between apparatuses can be compen- 
sated. 

[0041] Fig. 9 is a flowchart of a further record- 
ing/reproduction method according to the invention. The 
method is carried out in the same procedure as the 
recording/reproduction method shown in Fig. 8 with 
some exceptions. Thus, some points in Fig. 9 different 
from those of the recording/reproduction method shown 
in Fig. 8 will be explained below. In the recording/repro- 
duction method, a recording medium is used in which 
the recording area 4 is also used to record, together 
with the recording/reproduction conditions, time infor- 
mation indicating the date and time when the record- 
ing/reproduction conditions are recorded in the medium. 
[0042] First, steps 601, 602 correspond to steps 
501. 502. respectively in Fig. 8. and they are not 
explained here. 

[0043] At step 603, the controller 7 determines 
whether the recording/reproduction conditions are 
recorded or not in the recording/reproduction conditions 
recording area 4 in the medium 1 . If the recording/repro- 
duction conditions and the time information, represent- 
ing the date and time when the recording/reproduction 
conditions are recorded in the medium, are recorded in 
the recording/reproduction conditions recording area 4 
(YES at step 603), the recording/reproduction condi- 
tions and the time information read at step 602 are 
stored in the storage unit 16 at step 604. Then, at step 
605, the controller 7 compares the time information with 
the time of the clock in the controller 7. If the difference 
between them is longer than a predetermined reference 
(YES at step 605), the test recording is conducted at 
step 606 in the same procedure as at step 505 in Fig. 8. 
On the other hand, if the difference is shorter than the 
predetermined reference (NO at step 605), the informa- 
tion is recorded in the information recording area 6 in 
the medium 1 at step 608, in the same procedure as 
step 405 in Fig. 5 without the test recording. 
[0044] Step 607 corresponds to step 506 in Fig. 8. 
If the determination at step 603 or at step 607 is nega- 
tive (NO), the process proceeds to steps 609 to 61 1 . At 
step 609, the recording/reproduction conditions are 
determined by a learning similar to step 406 in Fig. 5, 
and at step 610, the recording/reproduction conditions 
thus obtained are stored, together with the time when 
the recording/reproduction conditions are obtained (or 
time information), in the storage unit 16. At step 61 1 . the 
obtained recording/reproduction conditions are 
recorded in the recording area 4 in the medium 1 



together with the time information, and then the flow 
proceeds to step 608. 

[0045] In such a case where recording media are 
frequently replaced in a recording/reproduction appara- 

s tus, the waiting time for activation can be shortened by 
omitting the above-mentioned test recording, by com- 
pensating a change in the recording/reproduction char- 
acteristics of the recording/reproduction apparatus and 
the recording medium with the lapse of time from the 

10 time point when the recording/reproduction conditions 
are recorded in the medium to be used. 
[0046] Fig. 10 is a flowchart of a further record- 
ing/reproduction method according to the invention. 
This method is carried out in the same procedure as the 

is recording/reproduction method explained with refer- 
ence to Fig. 5 with some exceptions. Therefore, some 
points in Fig. 10 different from those of the record- 
ing/reproduction method explained with reference to 
Fig. 5 will be explained below. This recording/reproduc- 

20 tion method uses a recording medium in which the 
recording/reproduction conditions recording area 4 in 
the medium records, together with a plurality of record- 
ing/reproduction conditions, recording/reproduction 
apparatus information for identifying a recording/repro- 

25 duction apparatus using the recording/reproduction 
conditions. The recording/reproduction apparatus infor- 
mation is divided into a plurality of hierarchical levels 
and has manufacturer information for identifying a man- 
ufacturer of the recording/reproduction apparatus, 

30 model information for identifying a model of the record- 
ing/reproduction apparatus and a serial number for 
identifying a particular recording/reproduction appara- 
tus. 

[0047] First, at step 701 , an activation process sim- 
35 ilar to step 401 in Fig. 5 is executed. Then, at step 702, 
the recording/reproduction conditions and the record- 
ing/reproduction apparatus information for identifying 
the recording/reproduction apparatus which uses the 
recording/reproduction conditions are read from the 
40 recording/reproduction conditions recording area 4 in 
the medium 1 . Then, if ft is determined at step 703 that 
the recording/reproduction conditions are recorded in 
the recording area 4 (YES at step 703), the controller 7 
checks at step 704 whether or not the recording/repro- 
45 duction apparatus information read from the recording 
area 4 contains information coincident with the record- 
ing/reproduction apparatus information of the record- 
ing/reproduction apparatus. If there is the recording 
apparatus information coincident with the record- 
so ing/reproduction apparatus information of the record- 
ing/reproduction apparatus on all points including the 
manufacturer information, the model information and 
the serial number (YES at step 704). at step 705, the 
recording/reproduction conditions, for which the record- 
55 ing/reproduction apparatus to be used are specified by 
the recording/reproduction apparatus information coin- 
cident with the recording/reproduction apparatus, are 
stored in the storage unit 16, and at step 706, the infor- 
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mation is recorded in the recording area 6 in the 
medium 1 , in the same procedure as step 405 in Fig. 5 t 
based on the recording/reproduction conditions. If the 
determination at step 703 is negative (NO), the flow pro- 
ceeds to step 707. 5 
[0048] At step 704, if the recording/reproduction 
apparatus information read from the recording area 4 
contains no information coincident with the record- 
ing/reproduction apparatus information of the record- 
ing/reproduction apparatus in all points including the 10 
manufacturer information, the model information and 
the serial number (NO at step 704), recording/reproduc- 
tion conditions are selected from the plurality of record- 
ing/reproduction conditions read from the recording 
area 4 at step 710, in a priority order. High priority is is 
given to the recording/reproduction conditions coinci- 
dent on manufacturer information and model number in 
the recording/reproduction apparatus information for 
identifying the recording/reproduction apparatus using 
the recording/reproduction conditions, next priority is 20 
given to those coincident only on manufacturer informa- 
tion, and low priority is given to those coincident on no 
information or having no recording/reproduction appa- 
ratus information. Then, at step 710, the record- 
ing/reproduction conditions are selected, and at step 25 
711 they are stored in the storage unit 16. Then, the 
flow proceeds to step 707. 

[0049] At step 707. the learning is performed with 
the recording/reproduction conditions as initial condi- 
tions. At step 708, the recording/reproduction conditions 30 
obtained by the learning are stored in the storage unit 
16. and at step 709, the recording/reproduction condi- 
tions and the recording/reproduction apparatus informa- 
tion of the particular recording/reproduction apparatus 
are recorded in the recording area 4. At step 706. the 35 
information based on the recording/reproduction condi- 
tions is recorded in the information recording area 6 in 
the medium 1. 

[0050] At step 709, if a number of the record- 
ing/reproduction conditions accompanying other 40 
recording/reproduction apparatus information already 
recorded in the recording area 4 has not reached a 
specified number, the information is held while record- 
ing new recording/reproduction conditions and the 
recording/reproduction apparatus information are 45 
added. On the other hand, if the number of the record- 
ing/reproduction conditions has reached the specified 
number, the new recording/reproduction conditions and 
new recording/reproduction apparatus information are 
recorded, while the oldest in the recording/reproduction so 
conditions and the recording/reproduction apparatus 
information are discarded. 

[0051 ] The recording/reproduction described above 
makes it possible to record a plurality of record- 
ing/reproduction conditions in a medium and to select 55 
recording/reproduction conditions suitable for the 
recording/reproduction apparatus intended to be used 
for recording among a plurality of the recording/repro- 



duction conditions read out from the medium. There- 
fore, when one medium is used for a plurality of 
recording/reproduction apparatuses, the difference in 
the recording/reproduction characteristic between the 
apparatuses can be compensated. Further, even for a 
medium in which the recording/reproduction conditions 
determined by the recording/reproduction apparatus 
itself intended to be used for recording are not recorded, 
the learning is performed by using as initial conditions 
the recording/reproduction conditions determined by 
the recording/reproduction apparatus having a record- 
ing/reproduction characteristic similar to the record- 
ing/reproduction apparatus, such as a 
recording/reproduction apparatus of the same model or 
one made by the same manufacturer. In this way, the 
learning can be shortened and the waiting time can be 
shortened for mounting the medium and the activating 
the recording/reproduction apparatus. 
[0052] Further, when newly determined record- 
ing/reproduction conditions are recorded in a medium, if 
a number of the recording/reproduction conditions 
already recorded has reached a specified number, the 
oldest recording/reproduction conditions are discarded. 
In this way, the recording/reproduction conditions 
adapted for the recording/reproduction apparatuses 
most likely to be used can always be held in the 
medium. 

[0053] The operation of steps 710 and 71 1 can be 
omitted. Further, the recording/reproduction apparatus 
information is not limited to the three hierarchical levels, 
but information other than the manufacturer information, 
the model information and the serial number can be 
added or a part of the information can be omitted. 
[0054] Fig. 1 1 is a flowchart of a still further record- 
ing/reproduction method according to the invention. 
This method is carried out in the same procedure as the 
recording/reproduction method described with refer- 
ence to Fig. 10 with some exceptions. Therefore, some 
points different from the recording/reproduction method 
of Fig. 10 will be explained. 

[0055] Steps 801 . 602 and 803 are similar to steps 
701, 702 and 703 in Fig. 10, respectively, and they are 
not explained here. 

[0056] At step 804, the recording/reproduction 
apparatus information read from the recording area 4 in 
the recording medium 1 . If they contain the recording 
apparatus information coincident with the record- 
ing/reproduction apparatus information for the record- 
ing/reproduction apparatus in all the points including the 
manufacturer information, the model information and 
the serial number (YES at step 804). at step 805. the 
recording/reproduction conditions, for which the record- 
ing/reproduction apparatus to be used is specified by 
the recording/reproduction apparatus information coin- 
cident with the particular recording/reproduction appa- 
ratus, are stored in the storage unit 16. Then, at step 
806, the test recording is performed. This test recording 
is carried out in the same procedure as step 506 in Fig. 
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8. Next, at step 812, the signal quality is determined in 
the same procedure as step 506 in Fig. 8. If the signal 
quality satisfies a criterion (YES at step 812), the infor- 
mation is recorded in the information recording area 6 in 
the medium 1 at step 813. 5 
[0057] On the other hand, if the determination fails 
to satisfy the criterions (NO at step 803, 804 or 81 2), the 
learning is performed at step 807, and the process pro- 
ceeds to steps 808, 809 and 813 in that order. Steps 
807, 808, 809 correspond to steps 707, 708, 709 in Fig. w 
10, respectively. 

[0058] In the recording/reproduction described 
above, change can be compensated in the record- 
ing/reproduction characteristic of the recording/repro- 
duction apparatus and the recording mecfium with the 75 
lapse of time from a time point when the record- 
ing/reproduction conditions are recorded for the 
medium to be used. 

[0059] Fig. 12 is a flowchart of a still further record- 
ing/reproduction method accorcfing to the invention. 20 
This method is carried out in the same procedure as the 
recording/reproduction method explained with refer- 
ence to Fig. 1 1 with some exceptions. Therefore, some 
points in Fig. 12 different from the recordingyreproduc- 
tion method explained with reference to Fig. 1 1 will be 25 
explained below. This recording/reproduction method 
uses a recording medium in which the recording area 4 
in the medium 1 is used for recording time information 
indicating the date and time when the recording/repro- 
duction conditions are recorded in the medium, together 30 
with the recording/reproduction conditions and the 
recording/reproduction apparatus information for identi- 
fying the recording/reproduction apparatus which uses 
the recording/reproduction conditions. 
[0060] Steps 90 1 to 905 correspond to steps 80 1 to 35 
805 in Fig. 1 1 , respectively. At step 902, the time when 
the recording/reproduction conditions are obtained 
(time information) is read in addition to the record- 
ing/reproduction conditions and the recording/reproduc- 
tion apparatus information, and at step 905, they are 40 
stored. 

[0061] At step 912, the time information accompa- 
nying the recording/reproduction conditions stored in 
the storage unit 16 is compared with the time of the 
clock in the controller 7. If the difference is longer than a 45 
predetermined reference (YES at step 912), the test 
recording is carried out at step 913. On the other hand, 
if the difference is shorter than the predetermined refer- 
ence (NO at step 91 2). the information is recorded in the 
information recording area 6 in the medium 1 without so 
test recording. Steps 913, 914 and 906 correspond to 
steps 806, 81 2 and 81 3 in Fig. 1 1 , respectively. Further, 
steps 907, 908 and 909 correspond to steps 807, 808 
and 809 in Fig. 1 1. respectively. 

[0062] In the recording/reproduction described 55 
above, a change can be compensated in the recording 
characteristic of the recording/reproduction apparatus 
with the lapse of time from a time point when the record- 



ing/reproduction conditions are recorded in the medium 
to be used, while shortening the waiting time for activa- 
tion by omitting the test recording if the recording 
medium is frequently replaced in the recording/repro- 
duction apparatus. 

[0063] According to the embodiment described 
above, jitter value of the reproduced signal is measured 
and compared with a reference value to determine the 
quality of the recorded test signal. As an alternative, 
error rate of the data obtained by demodulating the 
reproduced signal is measured and compared with a 
reference value in order to determine the quality of the 
recorded test signal. 

[0064] Further, in the learning in the embodiment 
described above, the operation is repeated in which the 
recording/reproduction conditions are changed while 
conducting the test recording to measure the quality of 
the signal recorded in a test, and at the time point when 
the quality of the signal has satisfied a criterion, the 
operation is completed and the recording/reproduction 
conditions at that time are determined as the optimum 
recording/reproduction conditions. As an alternative, 
the test recording is performed and the quality of the 
signal recorded in the test is checked while the record- 
ing/reproduction conditions is changed in a predeter- 
mined range. This operation is repeated. The. the 
recording/reproduction conditions included in the prede- 
termined range which represents the best quality of the 
signal recorded in the test are determined as the opti- 
mum recording/reproduction conditions. 
[0065] All the items of the recording/reproduction 
conditions may not necessarily be recorded in the 
medium, but only a specified item or items in the record- 
ing/reproduction conditions may be used for the learn- 
ing. 

[0066] Further, as to the recording/reproduction 
information on which the recording/reproduction appa- 
ratus to be used is specified, the information recorded in 
the recording area in the medium may be setting condi- 
tions or code information which satisfy the record- 
ing/reproduction conditions, in place of the 
recording/reproduction conditions. For example, as to 
the pulse conditions, the setting value of the laser drive 
circuit for producing the laser intensity or the code infor- 
mation indicating the setting value may be recorded as 
recording/reproduction conditions, in place of the laser 
intensity, in the recording area in the medium as the 
recording/reproduction conditions. 
[0067] When the medium shown in Fig. 2 is used, at 
steps 402, 502. 602, 702, 802, 902 in Figs. 5 to 12, the 
first recording/reproduction recording area 4a in Fig. 2 is 
reproduced, and then if the recording/reproduction con- 
ditions cannot be read, the second recording/reproduc- 
tion recording area 4b is reproduced. Further, at steps 
408. 51 0.611. 709. 809. 909 in Figs. 5 to 12. the record- 
ing/reproduction conditions are recorded in both the first 
and second recording area 4a and 4b. This improves 
the reliability of the recording/reproduction conditions 
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recorded in the medium in view of the fact that even 
when the information recorded in one of the first and 
second recording areas 4a and 4b cannot be repro- 
duced due to the contamination of the medium or the 
like, the information can be obtained from the other 5 
recording area. 

[0068] As described above, in an optical recording 
medium according to the invention, a recording/repro- 
duction apparatus and a recording/reproduction method 
according to the invention, it is advantageous that the 10 
optimum recording/reproduction conditions, which are 
determined for a given recording medium and recorded 
in the medium, can be read and used in subsequent 
operations. This eliminates or shortens the learning for 
determining the recording/reproduction conditions 15 
which otherwise might be required to be measured each 
time. Thus, the waiting time for mounting the recording 
medium or activating the recording medium in the 
recording/reproduction apparatus can be shortened. 
[0069] Further, the recording/reproduction condi- 20 
tions and the recording/reproduction apparatus informa- 
tion for identifying the recording/reproduction apparatus 
using the recording/reproduction conditions are 
recorded, and at the time of activation, the record- 
ing/reproduction conditions adapted for the record- 25 
ing/reproduction apparatus to be used for recording are 
selected for use among the recording/reproduction con- 
ditions read from the medium. Even when a specified 
recording medium is used for a plurality of record- 
ing/reproduction apparatuses, the operation of deter- 30 
mining the optimum recording/reproduction conditions 
is eliminated or shortened, thereby making it possible to 
shorten the waiting time for mounting the medium and 
activating the recording/reproduction apparatus. 
[0070] Although the present invention has been 35 
fully described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 40 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 
therefrom. 

Claims 45 

1. An optical recording medium for recording informa- 
tion comprising: 

an information recording area provided for so 
recording information; and 
a recording/reproduction conditions recording 
area provided for recording recording/repro- 
duction conditions and an apparatus informa- 
tion, the recording/reproduction conditions 55 
being used when information is recorded or 
reproduced with a recording and reproducing 
apparatus, the apparatus information being 



used for identifying the recording and repro- 
ducing apparatus which uses the record- 
ing/reproduction conditions; 
wherein said recording/reproduction conditions 
recording area is an area provided for record- 
ing a plurality of the apparatus informations 
together with the recording/reproduction condi- 
tions; 

wherein the apparatus i nformation includes 
manufacturer information which represents a 
manufacture of the recording and reproduction 
apparatus. 

2. The optical recording medium according to claim 1 , 
wherein said recording/reproduction conditions 
recording area includes an area provided for 
recording information on a recording time when the 
recording/reproduction conditions are recorded in 
the optical recording medium. 

3. The optical recording medium according to claim 1 
or 2, further comprising a second recording/repro- 
duction conditions recording area provided for 
recording the same information as recorded in said 
recording/reproduction conditions recording area. 

4. The optical recording medium according to one of 
claims 1 - 3, further comprising a test recording 
area provided for test recording of a specified signal 
to measure a quality of reproduced signal. 

5. The optical recording medium according to claim 4, 
further comprising a lead-in area for recording 
read-only data, wherein said recording/reproduc- 
tion conditions recording area and said test record- 
ing area are arranged between the information 
recording area and said lead-in area. 

6. The optical recording medium according to claim 4, 
wherein said lead-in area is an area where informa- 
tion is recorded with embossed pits. 

7. The optical recording medium according to one of 
claims 1-6, wherein the apparatus information is 
recorded in a plurality of hierarchical levels in said 
recording/reproduction conditions recording area. 

8. The optical recording medium according to one of 
claims 1-7, wherein the recording/reproduction 
conditions include at least one of pulse conditions 
including laser pulse power on recording, servo 
conditions for determining servo operations on 
recording and on reproduction, and reproduction 
signal processing conditions. 

9. The optical recording medium according to claim 8, 
wherein a plurality of laser pulses are radiated on a 
portion of a mark to be recorded from a front end to 
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a rear end thereof, wherein the pulse conditions 
include at least one of generation timing of a first 
. pulse corresponding to the front end of the mark, a 
length of the first pulse, an intensity of a laser beam 
of the first pulse, a generation timing of a last pulse 5 
corresponding to the rear end of the mark, a length 
of the last pulse, an intensity of the laser beam of 
the last pulse, an intensity of the laser beam 
between the pulses and an intensity of the laser 
beam in a space portion, the pulse conditions being 10 
determined in accordance with a length of the mark 
to be recorded and lengths of space sections 
before and after the mark. 

10. The optical recording medium according to one of 75 
claims 1 - 9, wherein the recording/reproduction 
conditions comprise setting values for various cir- 
cuits in the recording/reproduction apparatus or 
code information indicating the setting values. 

20 

11. A recording/reproduction method for record- 
ing/reproducing information on an optical recording 
medium, comprising the steps of: 

reading recording/reproduction conditions 25 
recorded in the optical recording medium 
together with a plurality of apparatus informa- 
tions for identifying a recording and reproduc- 
tion apparatus which uses the 
recording/reproduction conditions, wherein the 30 
apparatus i nformation includes manufacturer 
information w hich represents a manufacture of 
the recording and reproduction apparatus : 
identifying apparatus information among the 
plurality of apparatus informations in corre- 35 
spondence to a recording and reproducing 
apparatus to be used for recording or reproduc- 
tion; and 

setting the recording/reproduction conditions in 
correspondence to the identified apparatus 40 
information to the recording and reproduction 
apparatus. 

12. The recording/reproduction method according to 
claim 1 1 , wherein in said reading step for the optical 45 
recording medium wherein the same content of the 
recording/reproduction conditions and the appara- 
tus information have been recorded in a plurality of 
recording/reproduction conditions recording areas, 

a first of the plurality of recording/reproduction con- so 
ditions recording areas is reproduced first, and if 
the recording/reproduction conditions and the 
apparatus information cannot be read therefrom, 
another in the plurality of recording/reproduction 
conditions recording areas is reproduced to read 55 
the recording/reproduction conditions and the 
apparatus information. 



13. The recording/reproduction method according to 
claim 11 or 12, further comprising the steps of: 

when the apparatus information cannot be 
identified, learning optimum recording and 
reproduction conditions for the recording and 
reproduction apparatus; and 
recording the optimum recording and reproduc- 
tion conditions determined in said leaning step 
together with the apparatus information. 

14. The recording/reproduction method according to 
claim 13, wherein when a number of the recording 
and reproduction conditions stored in the recording 
medium does not reach a predetermined number, 
the recording and reproduction conditions deter- 
mined by leaning are recorded further to the record- 
ing medium with the apparatus information while 
retaining the recording and reproduction conditions 
which have been recorded already. 

15. The recording/reproduction method according to 
claim 13, wherein when a number of the recording 
and reproduction conditions stored in the recording 
medium reaches a predetermined number, the old- 
est in the recording and reproduction conditions 
recorded in the recording medium is deleted with 
the apparatus information and the recording and 
reproduction conditions determined in said leaning 
step to the recording medium with the apparatus 
information. 

16. The recording/reproduction method according to 
one of claims 13 to 15, wherein one selected 
among the recording/reproduction conditions read 
from the recording medium is used as initial condi- 
tion for the learning. 

17. An optical recording/reproduction apparatus for 
recording/reproducing information on an optical 
recording medium, said apparatus comprising: 

a decoder which decodes a plurality of record- 
ing/reproduction conditions and apparatus 
informations for identifying a recording and 
reproduction apparatus which uses the record- 
ing/reproduction conditions, based on signals 
read from the recording medium; and 
a controller which identifies the apparatus infor- 
mation in correspondence to a recording and 
reproduction apparatus used for recording and 
reproduction among the plurality of apparatus 
informations decoded by said decoder and 
applies the recording/reproduction conditions 
in correspondence to the identified apparatus 
information to recording and reproduction; 
wherein the apparatus info rmation includes 
manufacturer information which represents a 



12 



iDOCID: <EP_ 



.1026669A2J_> 



23 EP 1 026 669 A2 

manufacture of the recording and reproduction 
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